Spintronic devices based on antiferromagnetic (AFM) materials hold the promise of fast switching speeds and robustness against magnetic fields [1] [2] [3] . Different device concepts have been predicted 4, 5 and experimentally demonstrated, such as low-temperature AFM tunnel junctions that operate as spin-valves 6 , or roomtemperature AFM memory, for which either thermal heating in combination with magnetic fields 7 , or Néel spin-orbit torque 8 is used for the information writing process. On the other hand, piezoelectric materials were employed to control magnetism by electric fields in multiferroic heterostructures [9] [10] [11] [12] , which suppresses Joule heating caused by switching currents and may enable low energy-consuming electronic devices. Here, we combine the two material classes to explore changes of the resistance of the high-Néel-temperature antiferromagnet MnPt induced by piezoelectric strain. We find two non-volatile resistance states at room temperature and zero electric field, which are stable in magnetic fields up to 60 T. Furthermore, the strain-induced resistance switching process is insensitive to magnetic fields. Integration in a tunnel junction can further amplify the electroresistance. The tunneling anisotropic magnetoresistance reaches ~11.2% at room temperature. Overall, we demonstrate a piezoelectric, strain-controlled AFM memory which is fully operational in strong magnetic fields and has potential for low-energy and high-density memory applications.
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MnPt is a collinear AFM intermetallic with a Né el temperature of ~975 K 13 , which has been extensively employed as an exchange bias material 14 . The high Né el temperature suggests that magnetic coupling between two antiparallel sublattices is very strong 15 (Fig. 1e) at room temperature. After cycling the magnetic field between 100 and -100 mT for 500 full cycles at a rate of 5 mT/s for this sample, the exchange bias remains stable. Such a robust exchange bias corroborates the AFM order of the MnPt film.
Magnetotransport measurements were carried out for the MnPt/PMN-PT heterostructure at room temperature in order to explore the magnetic field sensitivity of the resistance of the MnPt film.
The measurement geometry is schematized in Fig. 2a . As shown in Fig. 2b , the roomtemperature four-probe resistance of the film is ~15.4 , corresponding to a resistivity of ~183 cm, which is comparable to the room-temperature resistivity of bulk MnPt 17 . More importantly, both the out-of-plane magnetoresistance and the in-plane, parallel magnetoresistance are very small up to field strength of 9 T, on the order of ~0.01% (Fig. 2c ).
Next, we examined the effect of an electric field E G applied via the bottom gate across the PMN-PT substrate on the electrical properties of the MnPt thin film. The measurement geometry is illustrated in Fig. 2d . The resistance of MnPt is very sensitive to E G , and the E G -dependent resistance exhibits a hysteretic and asymmetric butterfly shape (Fig. 2e ). E G modulates the resistance by up to ~2%. More importantly, at E G = 0 kV/cm, there are two distinct resistance states -a high-resistance state and a low-resistance state in the R(E G ) curve (Fig. 2e ).
The electroresistance modulation is unlikely to be due to electrostatic carrier injection, because a negative E G should correspond to an increase of the MnPt resistance in the electrostatic modulation case with our measurement geometry (Supplementary Figure 1 and Supplementary Note 2). Moreover, the Thomas-Fermi electrostatic screening length for an intermetallic alloy with a high carrier density is very short, typically on the order of angstrom 18 , and is much smaller than our film thickness. Instead, the R(E G ) curve (Fig. 2e) resembles the E G -dependent strain curve in (001)-oriented PMN-PT substrates 19, 20 , which was found to be due to 109
ferroelastic domain switching [19] [20] [21] . The peaks of the gate current in Fig. 2f are evidences of polarization switching in PMN-PT.
Following this line of thought, we measured the E G -induced lattice change of PMN-PT by x-ray diffraction. We studied sequentially the (004) diffraction peak of PMN-PT at E G = 6.7, 0 and -6.7 kV/cm. The peak shift can be clearly seen in Fig. 3a . Compared with E G = 0 kV/cm, the out-ofplane lattice constant of PMN-PT is elongated at both E G = 6.7 kV/cm, which corresponds to an in-plane compressive strain induced by E G . The out-of-plane strain  c is determined to be ~0.08% and ~0.15% for E G = +6.7 and -6.7 kV/cm, respectively. By using the measured value of the Poisson's ratio   0.43 for PMN-PT 22 , we calculated the in-plane strain  a to be ~-0.05% at E G = +6.7 kV/cm and ~-0.1% at E G = -6.7 kV/cm. This is consistent with the asymmetric feature of the E G -dependent strain in (001)-oriented PMN-PT single crystals, which has been discussed previoulsy 19, 20 .
To better understand how the strain changes the resistivity of MnPt in the MnPt/PMN-PT heterostructure as shown in Figure 2 ). In addition, Hall measurements reveal that the carrier density remains the same in the different resistance states (see Supplementary   Figure 3 ).
To detect whether strain modifies the magnetic properties of AFM MnPt in the MnPt/PMN-PT heterostructure, we examined the effect of E G on the exchange bias (Fig. 1e) sensitive to E G in our system and they can be reversibly switched by positive/negative electricfield pulses applied across the piezoelectric substrate (Fig.3b) . In the non-volatile, low-resistance Ferroelectric oxides tend to crack on repeated cycling of the electric field due to stress at the domain boundaries between electrically switchable domains and domains pinned by surface defects 28 . We therefore conducted the electroresistance modulation measurements by using a unipolar switching approach in order to avoid cracking 29 . As seen in Fig. 4a , the unipolar modulation can produce a high-resistance state and a low-resistance state similar to those in Fig. 2e. The resistance difference between the two non-volatile resistance states is ~252 m, which is one order of magnitude larger than that of recently reported AFM memories 7, 8 .
We can also switch the resistance states by 50-ms pulses of E G = +1.87 and -6.67 kV/cm at zero field, but also at 9 and 14 T (Fig. 4b) . We tested the strain-controlled memory device for 10 days in air with a daily temperature variation of ~3 K. The resistance state was stable with a resistance fluctuation of ~0.05% (Fig. 4c) , which is much smaller than the non-volatile resistance modulation, ~1.66% (Fig. 4a) . Furthermore, we applied an out-of-plane pulsed field up to 60 T to the low-resistance state and observed a resistance variation of ~0.1% (Fig. 4d) , which indicates the information in this memory is not destroyed even by a 60 T magnetic field. In contract, the magnetoresistance of AFM Mn 3 Pt, which has a lower Né el temperature of ~475 K and is of interest due to the novel anomalous Hall effect 30, 31 , reaches ~1.8% at 60 T (Fig. 4e) .
Finally, we fabricated a tunneling anisotropic magnetoresistance junction 6 based on a textured MnPt/PMN-PT heterostructure by depositing a 2-nm-thick MgAl 2 O 4 tunnel barrier and a 10-nmthick Pt top layer, which was patterned into microelectrodes with a diameter of 100 m (schematized in Fig. 5a ). Figure 5b shows the room-temperature E G dependence of the two-probe tunneling anisotropic magnetoresistance in the Pt(10)/MAO(2)/MnPt(37)/PMN-PT (thickness in nm) device. The electroresistance ratio is enhanced up to ~11.2% and the non-volatile electroresistance ratio reaches ~8.7%. The effect could be further amplified by sophisticated microstructure patterning and four-probe measurements to exclude contact resistance. The benefit of using piezoelectric strain control of AFM materials in the perpendicular tunnel junction geometry is significant for high-density memory applications.
In summary, we have achieved a non-volatile electroresistance modulation in a high-Né eltemperature intermetallic compound via piezoelectric strain, thus demonstrating an antiferromagnetic memory, in which both the information writing and storage are robust under extremely large magnetic fields. By contrast, both the information writing process and the resistance states of the CuMnAs-based AFM memory operated by Né el spin-orbit torque are largely affected by a field of 12 T 8 . More importantly, the electroresistance modulation can be amplified by tunneling anisotropic magnetoresistance in a room-temperature tunnel junction.
Besides the low power consumption, the piezoelectric strain approach could be applied to intriguing physical phenomena in antiferromagnets, such as magnetic Weyl fermions with broken time reversal symmetry 32 , to form a new subfield: antiferromagnetic piezospintronics. 
